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RATE  OF  GAIN  OF  HEAT-TOLERANCE  IN  GOLDFISH 
( CARA  SSIUS  A  URA  TUS ) 


Abstract 

Experiments  were  designed  to  determine  the  rate  of  gain  of  heat-tolerance 
for  three  different  groups  of  goldfish,  Carassius  auratus,  respectively  acclimated 
to  4°C.,  12°C.,  and  20°C.,  and  subsequently  moved  to  a  temperature  8°C. 
higher.  The  rate  of  change  of  heat- tolerance  showed  a  marked  difference  in  the 
three  groups,  twenty  or  more  days  being  required  for  complete  acclimation  in  the 
4°C.  group,  seven  days  for  the  12°C.  group,  and  just  over  three  days  for  the 
20°C.  group.  These  results  have  been  compared  with  those  of  Doudoroff  (1942) 
and  other  investigators  on  rates  of  acclimation  in  fishes  and  an  interpretation 
made  of  the  natural  changes  in  temperature  acclimation  of  the  bullhead,  Ameiurus 
nebulos-us,  in  lake  Opeongo  from  May  to  September,  1941. 

Introduction 

Various  phases  of  the  problem  of  rate  of  acclimation  in  fishes  to 
temperature  change  have  been  subjected  to  experiment.  Doudoroff 
(1942)  demonstrated  that  the  rate  of  change  of  cold-tolerance  for 
the  greenfish,  Girella  nigricans,  with  both  upward  and  downward 
changes  in  the  thermal  environment  (14°C.  to  26°C.  and  26°C.  to 
14°C.)  required  approximately  twenty  days  before  acclimation 
approached  completion.  Similar  results  in  rate  of  acclimation  were 
obtained  by  Brett  (1944)  when  considering  the  rate  of  change  of 
heat-tolerance  for  the  fathead  minnow,  Pimephales  promelas,  when 
taken  from  a  temperature  of  24°C.  and  put  at  16°C. 

When  moving  up  the  temperature  scale  from  20°C.  to  28°C., 
the  necessary  time  for  acclimation  with  respect  to  heat-tolerance 
in  the  bullhead  was  found  to  be  relatively  short,  the  period  being 
in  the  order  of  twenty-four  hours  (Brett,  1944).  A  fast  rate  of 
acclimation  for  an  upward  change  of  temperature  of  10°C.  (20°C. 
to  30°C.)  was  also  discovered  to  characterize  the  marine  goby, 
Gillichthys  mirabilis  (Sumner  and  Doudoroff,  1938)  as  well  as  the 
common  mummichog,  Fundulus  heteroclitus  (Loeb  and  Wasteneys, 
1912).  This  fast  rate  also  appears  to  be  present  for  the  large- 
mouth  black  bass,  Huro  salmoides,  from  the  work  of  Hathaway 
(1927)  on  changes  in  the  lethal  temperature  of  this  species.  None 
of  these  papers,  however,  deals  with  changes  in  heat-tolerance 
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when  moving  up  the  scale  at  comparatively  low  levels  of  tempera¬ 
ture  and,  as  yet,  there  is  little  to  be  found  concerning  comparative 
rates  of  acclimation  to  temperature  change  for  a  given  species  over 
its  biokinetic  range. 

In  order  to  explore  further  the  problem  of  rates  of  temperature 
acclimation,  a  series  of  experiments  was  designed  to  investigate  the 
rate  of  change  of  heat-tolerance  for  different  levels  of  temperature 
change  from  4°C.  up  to  28°C.  in  goldfish,  Carassius  auratus  (L.). 
This  species  of  fish  was  chosen  for  experimental  tests  because  of  the 
ease  in  handling  when  in  captivity  and  also  because  of  the  work  on 
temperature  tolerance  already  described  by  Fry,  Brett,  and  Claw¬ 
son  (1942)  for  goldfish. 

In  any  study  of  rate  of  acclimation  to  temperature  change, 
primarily,  the  thermal  history  of  the  species  to  be  considered  must 
be  known  and  established,  then  the  resistance  to  either  a  high  or  a 
low  temperature  (heat-tolerance  or  cold-tolerance)  may  be  followed 
while  moving  either  up  or  down  the  temperature  scale.  Any 
combination  of  temperature  changes  within  the  lethal  limits  may 
be  used.  The  possible  variations  in  approach  to  the  problem  are 
therefore  considerable  and,  in  some  measure,  account  for  the 
difficulty  experienced  when  comparing  the  results  of  different 
investigators. 

This  paper,  in  addition  to  describing  experiments  on  the  gold¬ 
fish,  also  reviews  information  presented  on  rates  of  acclimation  in 
certain  of  the  publications  already  mentioned.  The  liberty  has 
been  taken  to  present  pertinent  data  and  figures  from  these  in  an 
effort  to  illustrate  the  complexity  yet  to  clarify  the  field. 

The  laboratory  equipment  necessary  to  carry  out  these  experi¬ 
ments  was  provided  by  the  Ontario  Fisheries  Research  Laboratory 
under  the  direction  of  Professor  W.  J.  K.  Harkness  to  whom  I  am 
greatly  indebted  both  for  the  facilities  extended  and  also  for 
criticism  of  the  manuscript. 

Experimental  Procedure 

The  experiments  on  rate  of  change  of  heat  tolerance  in  goldfish 
were  designed  to  obtain  the  rate  of  acclimation  for  equal  changes 
in  environmental  temperature  for  different  levels  of  temperature 
acclimation.  Three  different  groups  of  fish  were  individually  ac- 
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climated  to  one  of  4°C.,  12°C.,  and  20°C.  Having  established 
complete  acclimation  at  each  of  these  levels  experimentally  the 
rate  of  change  of  heat-tolerance  for  ap  upward  change  of  8°C.  in 
environmental  temperature  was  traced.  Thus,  the  4°C.  group  wa,s 
moved  to  12°C.,  the  12°C.  group  to  20°C.,  and  the  20°C.  group 
to  28°C. 

The  method  employed  in  this  investigation  for  following  the 
rate  of  acclimation  to  each  new  level  was  that  originally  used  by 
Loeb  and  Wasteneys  (1912).  This  is  done  by  tracing  the  change 
in  the  average  rate  of  mortality  at  a  given  high  temperature  until 
no  change  in  the  rate  is  obtained. 

In  practice,  by  studying  the  lethal  temperature  relations  for 
different  states  of  acclimation  a  given  temperature  can  be  picked 
at  which  mortality  is  fast  at  the  start  of  an  experiment  on  rate  of 
acclimation,  but  which  does  not  cause  any  mortality,  or  at  most 
very  slight  mortality,  when  adaptation  is  complete.  An  example 
of  this  may  be  had  from  the  first  experiment  on  goldfish  in  which 
fish  from  4°C.  were  moved  to  12°C.  The  respective  lethal  tempera¬ 
tures  for  these  two  states  of  acclimation  are  28.5°C.  and  31.8°C. 
From  the  definition  of  lethal  temperature,  50  per  cent  of  a  sample 
of  12°C.  acclimated  goldfish  would  die  in  twelve  hours  if  exposed  to 
a  temperature  of  31.8°C.  This  then  is  too  high  for  a  test  tempera¬ 
ture  on  rate  of  acclimation  and  a  temperature  previously  referred 
to  as  “critical”  temperature  (Brett,  1944)  must  be  selected,  the 
latter  being  usually  about  1.5°C.  below  the  lethal  temperature  and 
one  at  which  there  is  only  a  questionable  likelihood  of  mortality. 

The  two  lethal  temperature  curves  for  goldfish  acclimated  to 
the  above  temperatures  (4°C.  and  12°C.)  have  been  plotted  in 
figure  1  from  the  work  of  Fry  et  al.  (1942)  with  the  lethal  and 
critical  temperatures  indicated.  As  acclimation  proceeds,  the 
percentage  survival  increases  in  the  direction  of  the  arrow  and  the 
mortality  curve  metaphorically  progresses  across  the  page  to  assume 
that  for  the  higher  state  of  temperature  adaptation. 

Although  “percentage  survival”  has  been  used  in  the  case  of 
determining  lethal  temperatures,  as  in  figure  1,  almost  similar  type 
curves  would  be  obtained  by  using  the  “average  survival  time.” 
The  distinction  and  use  of  these  two  have  been  discussed  by  Brett 
(1941).  Since  the  latter  best  describes  the  data  by  utilizing  the 
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actual  time  of  death  of  each  fish,  it  has  been  employed  in  tracing 
the  rate  of  acclimation  to  temperature  change. 

Results 

Three  hundred  goldfish  which  had  been  maintained  for  over  two 
months  at  between  4°C.  and  5°C.  and  which  averaged  3.3  grams  in 
weight  were  used  in  the  three  series  of  experiments.  The  thermal 
histories  and  data  pertaining  to  the  rate  of  acclimation  for  each  of 
these  groups  are  contained  in  tables  1,  2,  and  3  respectively. 


TEMPERATURE 

Figure  1. — Typical  lethal  temperature  curves  for  goldfish  acclimated  to  4°C. 
and  12°C.  The  arrow  marked  “Progress  of  Survival”  indicates  the  change 
in  survival  at  30.3°C.  of  goldfish  when  moved  from  an  acclimation  tempera¬ 
ture  of  4°C.  to  one  of  12°C. 

Group  1  which  were  moved  from  4°C.  to  12°C.  were  tested  for 
rate  of  acclimation  by  tracing  the  extent  and  time  of  mortality  of  a 
sample  of  fish  at  30.3°C.  The  first  real  indication  of  a  change  in 
heat-tolerance  (increase)  came  between  the  seventh  and  eighth 
days  and  the  latter  continued  to  change  steadily  until  about  the 
twentieth  day  when  acclimation  to  12°C.  was  virtually  complete 
(figure  2,  table  1). 
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TIME  OF  ACCLIMATION  -  DAYS 


Figure  2. — The  average  survival  time  at  30.3°C.  of  goldfish  when  taken  from 

4°C.  and  put  at  12°C. 


Table  1. — Rate  of  gain  of  heat- tolerance  in  Group  I. 
Previous  thermal  history:  4-5°C.  for  2  +  months 


Number  of 
fish 

Number  of  days 
at  12°C. 

Average  survival  time 
at  30.3°C.  in  hours 

Number  dead  at 
end  of  12  hours 

6 

1 

0.1 

6 

6 

2 

0.1 

6 

5 

3 

0.25 

5 

6 

4 

0.20 

6 

6 

5 

0.20 

6 

6 

6 

0.25 

6 

6 

7 

0.33 

6 

4 

9 

1.1 

4 

5 

12 

5.0 

3 

5 

13 

9.6 

1 

6 

15 

6.3 

3 

5 

17 

10.4 

1 

4 

22 

12.0 

0 
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Group  2  were  held  at  12°C.  for  twenty-six  days  at  which  time 
preliminary  experiments  on  a  sample  of  ten  fish  showed  them  to  be 
completely  acclimated  and  in  accord  with  the  findings  of  the 
experiment  on  Group  1.  These  were  then  transferred  to  20°C. 
and  tested  for  rate  of  change  of  heat-tolerance  at  34.0°C.  The 
progress  of  acclimation  in  this  group  was  distinctly  faster,  being 
complete  by  the  seventh  day  (figure  3,  table  2). 


Figure  3. — The  average  survival  time  at  34.0°C.  of  goldfish  when  taken  from 

12°C.  and  put  at  20°C. 


Table  2. — Rate  of  gain  of  heat-tolerance  in  Group  2. 
Previous  thermal  history:  1st— 4-5°C.  for  2  +  months 

2nd — 12°C.  for  26  days 


Number  of 
fish 

Number  of  hours 
at  20°C. 

Average  survival  time 
at  34°C.  in  hours 

Number  dead  at 
end  of  12  hours 

10 

0.0 

0.1 

10 

10 

20.0 

0.25 

10 

10 

44.0 

0.10 

10 

6 

68.5 

2.1 

5 

7 

01.5 

5.4 

4 

7 

115.5 

10.7 

1 

10 

168.0 

11.7 

1 
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I  he  final  group,  Group  8,  having  been  first  held  at  an  inter¬ 
mediate  temperature  of  13°C.  for  ten  days  were  then  transferred  to 
their  base  temperature  of  20°C.  for  a  period  of  two  weeks, 


TIME  OF  ACCLIMATION  -  OATS 

Figure  4. — The  average  survival  time  at  37.0°C.  of  goldfish  when  taken  from 

20°C.  and  put  at  28°C. 


Table  3.— Rate  of  gain  of  heat-tolerance  in  Group  3. 
Previous  thermal  history:  1st — 4-5°C.  for  2  +  months. 

2nd — 13°C.  for  10  days. 

3rd — 20°C.  for  14  days. 


Number  of 
fish 

Number  of  hours 
at  28°C. 

Average  survival  time 
at  37°C.  in  hours 

Number  dead  at 
end  of  12  hours 

10 

3 

0.1 

10 

10 

7 

0.1 

10 

3 

12 

0.2 

3 

3 

16 

0.2 

3 

10 

23 

2.6 

10 

14 

34 

1.8 

13 

10 

40 

2.2 

9 

13 

49 

5.6 

10 

13 

61 

7.6 

6 

10 

71.5 

11.1 

1 

8 

85 

11.5 

1 
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following  which  the  experiment  on  acclimation  rate  (from  20°C.  to 
28°C.)  was  performed  at  the  critical  temperature  of  37.0°C.  In 
accordance  with  previous  results  at  higher  levels  of  temperature 
change  the  rate  of  adaptation  was  relatively  fast,  a  definite  change 
being  obtained  within  twenty-four  hours,  and  acclimation  to  28°C. 
bordering  on  completion  wdthin  three  days  (figure  4,  table  3). 

Temperature  Coefficients  of  Rates  of  Acclimation 

In  these  three  experiments  the  velocity  or  rate  of  acclimation 
for  a  given  condition  (a  change  of  8°C.  in  environmental  tempera¬ 
ture)  has  been  traced  at  three  different  levels  of  temperature.  A 
comparison  can  be  made  of  these  velocities  and  the  temperature 
coefficients  expressed  in  terms  of  <2io,  the  ratio  of  the  velocity 
constant  of  a  reaction  at  a  given  temperature  to  the  velocity 
constant  at  a  temperature  10°C.  lower.  In  general,  if  the  velocity 
at  any  two  temperatures  is  known,  then  Qio  may  be  calculated 
from  the  formula 

10  (log  ki  -  log  k2 ) 

log  Q io  = - - - - - 

h  ~  h 

in  which  k\  and  k2  are  the  velocity  constants  at  temperatures 
h  and  t2. 

A  problem  is  at  once  presented  concerning  the  velocity  of  the 
acclimation.  The  manifest  result  of  the  reaction,  as  tested  in  the 
manner  described,  expresses  the  velocity  in  terms  of  progressive 
resistance  to  a  given  high  temperature,  the  rate  of  this  progressive 
resistance  not  being  constant,  but  rather  the  reverse.  At  first 
there  is  no  apparent  change  in  the  resistance.  Then  there  follows 
an  increase  in  resistance,  the  path  of  which  traces  out  a  sigmoid 
curve,  yet  it  cannot  be  said  that  in  the  first  phases  of  the  reaction 
that  acclimation  is  not  taking  place.  To  avoid  difficulties  in  such 
a  comparison,  the  over-all  or  average  velocity  has  been  considered 
for  the  time  from  the  start  to  the  finish  of  acclimation.  Figure  5 
illustrates  the  difference  in  rate  of  acclimation  for  the  three  groups 
when  plotted  for  common  axes,  the  point  of  completion  of  each 
acclimation  being  marked  by  small  arrows. 

The  Oio  values  listed  in  table  4  average  approximately  3.0 
which  is  comparatively  high  in  view  of  the  fact  that  most  biological 
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reactions  usually  fall  between  2  and  3.  This  indicates  a  process 
which  increases  relatively  rapidly  with  increase  of  temperature. 

A  factor  of  interest  in  this  comparative  study  of  rates  of  change 
in  heat-tolerance  is  the  “latent  period”  preceding  the  initial  rise  in 
tolerance.  This  latter  was  found  to  be  in  a  geometric  series  of 
1  :  3  :  9,  indicated  in  figure  5  by  a  “V”  and  listed  in  table  4. 

What  constitutes  the  nature  of  the  underlying  process  or  pro¬ 
cesses  in  acclimation  to  temperature  change  is  not  within  the  scope 
of  these  experiments.  However,  a  hint  with  regard  to  one  of  the 
factors  relative  to  gain  of  heat-tolerance  was  obtained  while  con- 


TIME  OF  ACCLIMATION  -  DAYS 

Figure  5. — Rate  of  gain  of  heat- tolerance  for  the  three  groups  of  goldfish. 
Arrows  indicate  point  of  completion  while  “V”s  mark  upward  inflection 
from  “latent  period.” 


Table  4. — Temperate  coefficients,  <2io,  of  rates  of  acclimation 
and  “latent  periods”  compared. 


Groups  compared 

(2,o  value 

Latent  period  ratio  (hours) 

3:2 

2.1 

20:58  =  .3 

2:1 

4.0 

58:180  =  .3 

3:1 

3.0 

20:180  =  .9 
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ducting  experiments  on  the  bullhead  (Brett,  1944).  In  the  course 
of  these  experiments  it  was  discovered  that  a  continuous  low  oxygen 
saturation  of  the  water  in  the  acclimation  tank  (the  second  or  new 
level  of  temperature)  inhibited  temperature  acclimation  for  this 
species  up  to  twenty-three  hours  at  least.  Figure  6  illustrates  the 
results  of  an  experiment  done  under  conditions  of  low  oxygen  in 
the  acclimation  tank  only,  and  shows  the  distinct  lack  of  accli¬ 
mation  in  comparison  with  that  for  conditions  of  adequate  oxygen 
saturation.  In  table  5  the  results  of  these  experiments  are  pre¬ 
sented  with  a  record  of  the  oxygen  determinations  (Winkler  method). 


TIME  OF  ACCLIMATION  -  HOURS 

Figure  6. — Rate  of  acclimation  of  Ameiurus  nebulosus. 

(1)  Sufficient  oxygen.  The  average  survival  time  at  35.5°C.  when  taken 
from  20°C.  and  put  at  28°C. 

(2)  Insufficient  oxygen.  The  average  survival  time  at  35.0°C.  when  taken 
from  17°C.  and  put  at  27°C. 

From  this  limited  series  of  experiments  it  seems  apparent  that 
oxygen  plays  some  role  in  the  mechanism  of  acclimation  to  a  high 
temperature,  but  confirmatory  evidence  is  necessary  before 
weight  can  be  put  on  this  finding. 

Comparative  Rates  of  Acclimation 

Difficulty  is  immediately  experienced  in  any  attempt  to  compare 
rates  of  acclimation  among  different  species  of  fish  for  there  has 
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been  no  common  fa,ctor,  either  in  the  method  of  approach  or  ex¬ 
perimentation,  or  in  the  range  and  level  of  temperatures  used. 
With  the  exception  of  one  or  two  cases  direct  comparisons  cannot 
be  made;  nevertheless  some  generalities  can  be  set  forth  from  the 
data  available. 

In  planning  the  temperatures  for  the  goldfish  experiments,  those 
for  group  3  were  set  at  20°C.  and  28°C.  since  in  previous  work  with 
bullheads  (Brett,  1944)  this  range  had  already  been  used  and  direct 
comparison  was  therefore  afforded.  The  data  and  graphical  plots 
for  these  two  experiments  are  presented  in  figures  4  and  6,  and 
tables  3  and  5. 


Table  5,  A. — Rate  of  acclimation  of  Ameiurus  nebulosus  when  taken  from 
water  of  20°C.  and  put  at  28°C. 

Average  survival  time  in  hours  of  10  fish  determined  at  35.5°C. 


Number  of  hours  at  28°C. .  .  . 

.  .  .0.0 

1.0 

3.0 

6.5 

11.0 

14.0 

18.0 

24.0 

Average  survival  time . 

.  .  .0.7 

0.8 

1.2 

1.5 

3.9 

5.3 

10.6 

11.9 

Record  of  the  percentage  saturation  of  oxygen  in  the  water  of  the  acclimation 
tank — determined  by  the  Winkler  method. 


Time  in  hours . 

.  .  .  .0.0 

1.0 

3.0 

6.0 

11.0 

18.0 

Percentage  of  saturation  .  .  .  . 

...  74 

72 

72 

64 

68 

74 

Table  5,  B. — Rate  of  acclimation  of  Ameiurus  nebulosus  when  taken  from 
water  of  17°C.  and  put  at  27°C. 

Average  survival  time  in  hours  of  10  fish  determined  at  35.0°C. 


Number  of  hours  at  27°C..  0.0  1.0  2.0  4.0  7.0  11.0  12.2  14.0  17.2  22.5 


Average  survival  time ....  0.2  0.3  0.3  0.5  0.5  0.5  0.5  0.6  0.6  0.8 


Record  of  the  percentage  saturation  of  oxygen  in  the  water  of  the  acclimation 
tank — determined  by  the  Winkler  method. 


Time  in  hours . 0.0  10.0  13.0  16.0  19.0  22.0  24.0 


Percentage  saturation ....  7 


6 


2 


13 
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The  first  point  necessary  for  comparison  is  the  establishment  of 
the  respective  acclimations  of  these  two  species  to  the  base  tempera¬ 
ture  of  20°C.  In  both  cases  the  lethal  temperature  indicated  an 
acclimation  to  this  temperature.  It  must  not  be  thought,  however, 
that  this  in  itself  is  sufficient,  although  no  further  effort  was  made 
in  this  case  to  have  the  fish  on  a  more  comparable  basis.  The 
thermal  histories  of  the  two  species  were  entirely  different  up  to 
the  time  of  being  held  at  20°C.  In  the  case  of  the  goldfish  it  was  a 
question  of  waiting  until  the  acclimation  had  risen  up  to  the 
necessary  level,  not,  as  in  the  case  of  the  bullhead,  where  it  was  a 
matter  of  lowering  the  environmental  temperature  to  20°C.  Thus 
they  approached  the  common  state  from  opposite  directions,  and 
it  is  with  this  reservation  in  mind  that  a  comparison  is  made. 

The  one  striking  difference,  although  both  rates  are  compara¬ 
tively  fast,  is  that  the  bullhead  reaches  complete  acclimation  in 
about  one-third  the  time  required  for  the  goldfish.  There  appears 
to  be  little  or  no  “latent  period”  for  the  bullhead  while  that  for 
the  goldfish  amounts  to  nearly  seventeen  hours.  The  two  species 
were  found  to  be  very  hardy  and  almost  equally  tolerant  to  high 
temperatures  (Fry  et  al ,  1942;  Brett,  1944),  the  goldfish  being  the 
more  resistant  of  the  two.  Here,  then,  was  a  marked  difference  in 
temperature  response  in  contrast  to  the  previous  similarity. 

Doudoroff  (1942)  reports  that  the  rate  of  change  of  heat- 
tolerance  with  an  acclimation  change  of  14°C.  to  26°C.  in  the 
greenfish,  Girella  nigricans ,  is  very  rapid,  acclimation  being  ap¬ 
parently  complete  after  about  one  day. 

As  previously  referred  to,  comparatively  rapid  rates  of  accli¬ 
mation  with  respect  to  heat-tolerance  in  the  upper  levels  of  tempera¬ 
ture  resistance  were  found  to  be  true  for  the  common  mummichog, 
Fundulus  heteroclitus  (Loeb  and  Wastenays,  1912)  in  which  it  was 
discovered  that  the  duration  of  life  at  31°C.  when  moved  from  a 
temperature  of  20°C.  (reported  as  room  temperature)  to  27°C.  was 
extended  from  thirteen  minutes  at  zero  time  to  an  indefinite  period 
by  seventy-two  hours.  This  rate  was  therefore  more  similar  to  that 
for  the  goldfish  than  the  relatively  faster  rate  of  the  bullhead. 

In  tracing  the  course  of  temperature  acclimation  and  changes 
in  respiratory  metabolism  of  the  long-jawed  goby,  Gillichthys 
mirabilis,  for  temperature  changes  of  10°C.  (20°C.  to  30°C.)  Sumner 
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and  Doudoroff  (1938)  obtained  results  which  indicated  a  completion 
of  acclimation  for  this  species  in  approximately  twenty-four  hours 
and  consequently  in  the  class  of  rapidity  with  the  bullhead. 

In  general  it  can  be  said  for  upward  changes  of  temperature 
acclimation,  in  the  region  of  20°C.  and  above,  that  the  rate  of 
adaptation  is  rapid,  the  completion  of  acclimation  with  respect  to 
heat-tolerance  for  a  change  of  8°C.  to  10°C.  usually  taking  place 
within  one  to  three  days,  depending  on  the  species  concerned. 

From  the  results  with  goldfish,  for  upward  changes  of  tempera¬ 
ture  in  the  region  of  10°C.,  the  rate  is  markedly  depressed  and  is 
progressively  slower  the  lower  the  range  of  temperature  change, 
necessitating  a  period  of  time  up  to  twenty  days  or  more  for 
completion  of  acclimation. 

Rate  of  Loss  of  Heat-Tolerance 

Rate  of  loss  of  heat-tolerance  might  otherwise  be  expressed  as 
rate  of  acclimation  to  a  low  temperature  in  terms  of  tolerance  to  a 
high  temperature.  With  the  exception  of  slight  and  scattered 
information  which  is  in  no  way  conclusive,  the  only  data  available 
for  this  field  of  acclimation  rate  in  fishes  are  those  for  Girella 
nigricans  (Doudoroff,  1942)  and  Pimephales  promelas  (Brett,  1944). 
Each  of  these,  for  approximately  the  same  change  in  temperature 
conditions,  26°C.  to  14°C.  for  G.  nigricans  and  24°C.  to  16°C.  for 
P.  promelas,  exhibits  a  slow  loss  in  ability  to  resist  a  high  temper¬ 
ature,  a  period  of  twenty  or  more  days  being  required  for  the 
completion  of  the  reaction. 

Rate  of  Change  of  Cold-Tolerance 

In  contrast  to  tracing  rate  of  acclimation  to  a  low  temperature 
by  the  above  method,  change  in  acclimation  might  be  followed  by 
tracing  the  rate  of  change  (gain)  in  cold-tolerance  (as  opposed  to 
loss  of  heat-tolerance). 

To  complete  the  picture,  there  remains  one  other  field,  the  rate 
of  change  of  cold-tolerance  (loss)  when  moving  upward  in  the 
temperature  scale.  This  also  completes  the  four  basic  rates  of 
acclimation  to  temperature  which  for  clarity  are  listed  as: — 

(1)  Rate  of  gain  of  heat-tolerance  (moving  upward  in  tempera¬ 
ture  scale);  (2)  rate  of  loss  of  heat-tolerance  (moving  downward 
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in  temperature  scale);  (3)  rate  of  gain  of  cold-tolerance  (moving 
downward  in  temperature  scale) ;  (4)  rate  of  loss  of  cold-tolerance 
(moving  upward  in  temperature  scale). 

With  regard  to  the  last  two,  under  the  general  heading  of  rate 
of  change  of  cold-tolerance,  Doudoroff  (1942)  states:  “Changes  of 
cold-tolerance,  resulting  from  continued  exposure  to  high  and  low 
temperatures,  have  been  observed  in  fishes  by  Wells  (1935)  and 
Sumner  and  Doudoroff  (1938),  but  accurate  quantitative  studies  of 
their  magnitude  were  not  undertaken.  There  is  also  surprisingly 
little  information  available  regarding  the  effect  of  recent 
thermal  history  upon  susceptibility  to  chilling  in  other  animals.” 
From  the  results  of  experiments  described  in  Doudoroff ’s  paper  for 
G.  nigricans  it  might  be  concluded  that  both  the  rate  of  gain  and 
the  rate  of  loss  of  cold-tolerance  are  relatively  slow.  At  least 
twenty  days,  probably  more,  are  required  for  completetion  of  the 
acclimation  when  moving  either  from  26°C.  to  14°C.  or  the  reverse. 

Perhaps  one  of  the  reasons  for  the  lack  of  information  on  changes 
in  cold-tolerance  in  fishes  is  the  problem  of  working  with  tempera¬ 
tures  low  enough  to  be  lethal.  G.  nigricans  is  admirably  suited  to 
such  an  experiment  by  reason  of  its  intolerance  to  low  temperatures. 
This  is  far  from  the  truth  for  A.  nebulosus  in  which  acclimations 
below  22°C.  would  require  temperatures  below  0°C.  to  be  lethal. 
The  difference  in  lower  lethal  temperature  for  these  two  species 
when  acclimated  to  the  same  temperature  is  considerably  more 
marked  than  the  difference  in  their  upper  lethal  temperatures 
(Brett,  1944). 

Particular  caution  must  be  exercised  when  working  with  the 
rate  of  change  of  heat- tolerance  for  it  has  been  shown  (Fry  et  al., 
1942;  Brett,  1944)  that  after  a  certain  temperature  has  been 
reached,  although  the  temperature  of  acclimation  may  be  raised, 
the  upper  lethal  temperature,  or  heat-tolerance,  does  not  alter. 
Thus,  no  acclimation  would  apparently  take  place  if  traced  by 
heat-tolerance  in  this  zone;  it  would,  however,  be  apparent  if 
followed  by  the  index  of  cold-tolerance  since  the  latter  changes 
progressively  up  to  the  highest  state  of  temperature  acclimation. 
To  avoid  such  a  possible  pitfall  it  is  most  necessary  that  the  re¬ 
lation  of  lethal  and  acclimation  temperatures  be  known  for  a  given 
species  of  fish  before  undertaking  a  study  of  rates  of  acclimation 
for  that  species. 
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Discussion 

Different  phases  of  rate  of  acclimation  to  temperature  change 
have  been  demonstrated  and  in  one  case,  the  rate  of  change  of 
heat-tolerance  for  ascending  temperature  conditions,  account  has 
been  taken  of  the  level  of  temperature  change  within  the  lethal 
limits  for  a  given  species.  Although  the  temperature  changes  in 
this  instance  included  a  range  from  4°C.  to  28°C.,  the  extent  of 
change  in  each  case  was  exactly  8°C.  which  provides  no  evidence 
for  acclimation  rates  of  lesser  extent,  in  the  realm  of  1°C.  to  3°C., 
which  are  more  characteristic  of  the  fluctuating  conditions  in  a 
natural  state.  Thus,  on  top  of  each  of  the  four  basic  conditions 
must  also  be  imposed  these  other  two  variables,  level  of  temper¬ 
ature  and  extent  of  temperature  change,  before  the  field  of  study 
is  complete. 

Doudoroff  (1942)  when  considering  the  rate  of  change  of  cold- 
tolerance,  varied  the  conditions  of  his  experiments  to  include 
temperature  changes  of  12°C.  (14°C.  to  26°C.  and  26°C.  to  14°C.) 
and  6°C.  (14°C.  to  20°C.  and  20°C.  to  14°C.)  from  the  results  of 
which  he  concludes  that  the  rate  of  change  in  cold-tolerance  (gain 
or  loss)  “in  any  given  time  does  not  vary  greatly  with  the  direction 
or  the  magnitude  of  the  total  change.”  A  general  statement  that 
the  rate  of  change  in  cold  tolerance  is  a  comparatively  slow  one, 
no  matter  what  the  varying  conditions  of  temperature  are,  might 
be  made,  contrasting  greatly  with  the  conditions  found  to  be  true 
for  rate  of  change  in  heat-tolerance. 

Figure  7  has  been  composed  from  this  accumulated  information 
to  illustrate  the  general  picture  of  rate  of  acclimation  to  temperature 
change,  showing  the  rate  of  change  in  heat-tolerance  (gain  and 
loss)  and  the  rate  of  change  in  cold-tolerance  (loss  and  gain)  with 
ascending  and  descending  temperatures.  The  graphs  are  all 
repetitions  of  those  already  discussed  or  published  and  are  here 
presented,  plotted  on  similarly  divided  time  axes.  The  two  curves 
on  rate  of  acclimation  pictured  in  graph  “A”  are  those  for  the 
goldfish  when  moved  from  4°C.  to  12°C.  and  20°C.  to  28°C.  from 
data  presented  in  this  paper  (cf.  figures  2  and  4).  Graph  “B” 
traces  the  rate  of  loss  of  heat-tolerance  for  the  fathead  minnowr 
when  moved  from  24°C.  to  16°C.  (Brett,  1944)  while  graphs  “C” 
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and  “D”  are  each  plotted  from  data  published  by  Doudoroff  (1942) 
on  changes  in  cold-tolerance  of  the  greenfish  for  changes  in  environ¬ 
mental  temperature  of  14°C.  to  26°C.  and  26°C.  to  14°C. 

In  1941  experiments  were  performed  to  follow  the  seasonal 
variation  in  lethal  temperature  for  different  species  of  fish  from 
lakes  in  Algonquin  Park,  Ontario  (Brett,  1944).  In  each  case  the 
lethal  temperature  variations  were  found  to  be  reflected  by  the 
major  temperature  changes  of  the  lake  water  and  a  direct  corre¬ 
lation  was  made.  The  most  complete  study  was  that  of  the  bull¬ 
head  for  which  the  relation  between  natural  lake  water  acclimations 
and  maximum  recorded  lake  temperatures  was  demonstrated,  an 
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RATE  OF  ACCLIMATION  -DAYS 


Figure  7. — The  four  basic  rates  of  acclimation  to  temperature.  Heat-tolerance 
changes  determined  as  average  survival  times;  cold-tolerance  changes 
determined  as  twenty-four  hour  lower  median  tolerance  limit.  Level  of 
temperature  change  marked  for  each  curve. 

A.  Gain  of  heat- tolerance  for  Carassius  auratus  (present  paper). 

B.  Loss  of  heat-tolerance  for  Ameiurus  tiebulosus  (Brett,  1944). 

C.  Gain  of  cold-tolerance  for  Girella  nigricans  (Doudoroff,  1942). 

D.  Loss  of  cold-tolerance  for  Girella  nigricans  (Doudoroff,  1942). 
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illustration  of  this  being  included  in  figure  8.  The  relation  as  it 
exists  in  nature  may  now  be  further  interpreted  on  the  basis  of  the 
information  presented  in  this  paper  and  some  conception  of  the 
natural  state  obtained  through  the  experimental  approach. 

It  was  found  (table  6)  that  in  the  early  part  of  the  season, 
following  the  ice  break-up,  the  maximum  recorded  temperatures 


TIME  OF  YEAR 

Figure  8. — The  relation  of  acclimation  temperature  and  corresponding  maxi¬ 
mum  recorded  temperature  for  Ameiurus  nebulosus,  lake  Opeongo,  1941. 


(region  of  14°C.)  were  considerably  above  the  acclimation  state  of 
the  fish,  which  lagged  behind  the  former  by  as  much  as  6°C. 
Nearly  a  month  after  the  ice-break-up  the  maximum  recorded  and 
acclimation  temperatures  became  equal  (approximately  17°C.)  and 
remained  as  such  for  two  weeks  or  more  despite  the  very  rapid  and 
continued  rise  in  lake  temperature. 
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From  the  experimental  evidence  this  could  be  explained  by  the 
slow  rate  of  acclimation  (gain  in  heat-tolerance)  for  the  lower 
temperature  levels,  the  velocity  of  which  was  not  sufficient  to  keep 
pace  with  the  ascent  of  environmental  temperature.  As  the  en¬ 
vironmental  temperature  continued  to  rise  an  acceleration  in  the 
progress  of  the  acclimation  took  place  until  the  rate  was  sufficient 
to  bring  about  a  close  approximation  of  the  two.  The  data  (table  6) 
might  perhaps  be  misleading  in  the  rise  of  the  “acclimation  temper¬ 
ature”  above  the  “maximum  recorded  temperature.”  This  ap¬ 
parent  anomaly  is  discussed  by  Brett  (1944)  and,  in  brief,  is  the 

Table  6. — Acclimation  temperatures  of  Ameiurus  nebulosus  in  lake  Opeongo, 
1941,  and  the  maximum  recorded  temperatures  from  a  constant  recording 
thermometer  for  the  corresponding  dates. 


Acclimation 

Maximum  recorded 

Date 

temperature 

temperature 

May  12 

6.9°C. 

13.3°C. 

May  15 

9.6 

14.6 

May  28 

16.6 

16.8 

June  14 

19.1 

19.7 

June  25 

24.2 

24.0 

July  8 

25.8 

24.6 

July  12 

25.0 

21.8 

July  25 

26.3 

25.1 

Aug.  15 

23.4 

18.8 

Aug.  26 

20.0 

17.8 

Sept.  6 

18.1 

15.9 

Sept.  11 

17.2 

14.7 

result  of  recording  the  temperature  from  a  point  a  few  feet  below 
the  surface  of  the  water  and  consequently  not  the  highest  possible 
temperature  to  which  the  fish  might  be  subjected  through  short 
excursions  to  the  surface. 

Having  once  become  acclimated  to  this  higher  level  of  temper¬ 
ature,  cold  spells  of  relatively  short  duration  in  the  lake  water  were 
reflected  only  by  slow  and  small  changes  in  the  acclimation  temper¬ 
ature  until  the  continuous  descent  of  lake  temperature  toward  the 
fall  freeze-up  brought  about  a  similar  continuous  fall  in  acclimation 
temperature,  this  latter  lagging  behind  and  above  the  former  by  a 
time  interval  of  two  to  three  weeks. 
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In  view  of  the  latent  period  of  response  in  the  falling  off  of  heat- 
tolerance  shown  in  the  experiment  on  the  fathead  minnow  (Brett, 
1944)  and  the  slow  rate  of  acclimation  of  that  species,  it  might  be 
inferred  that  the  same  was  true  for  the  bullhead  and  that  an 
explanation  could  therefore  be  made  of  the  response  in  nature  on 
the  basis  of  a  slow  loss  in  acclimation  at  all  levels  of  temperature; 
thus  the  two  to  three  weeks’  lag  in  acclimation. 

Summary 

Experiments  on  the  rate  of  acclimation  to  temperature  changes 
of  4°C.  to  12°C.,  12°C.  to  20°C.,  and  20°C.  to  28°C.  for  goldfish 
demonstrated  that  there  was  considerable  difference  in  the  time 
for  completion  of  acclimation  with  respect  to  heat-tolerance  at  each 
level  of  temperature.  The  three  separate  steps  of  8°C.  increase  in 
environmental  temperature  required  approximately  twenty,  seven, 
and  three  days  respectively  for  complete  acclimation  to  take  place. 

The  temperature  coefficient,  Qio,  for  the  velocity  change  in 
acclimation  rate  averaged  about  3,  indicating  a  process  which 
increased  relatively  rapidly  with  increase  of  temperature. 

A  general  comparison  of  different  rates  of  acclimation  for  an 
upward  jump  in  temperature  (from  20°C.)  when  traced  by  gain  in 
heat-tolerance  for  the  goldfish,  the  bullhead,  the  greenfish,  the 
mummichog,  and  the  long-jawed  goby  showed  distinct  variations, 
but,  on  the  average,  a  relatively  fast  rate  of  acclimation  when 
compared  with  the  rate  of  loss  of  heat- tolerance  for  descending 
temperatures  in  the  fathead  minnow  and  greenfish. 

From  a  knowledge  of  the  various  rates  of  acclimation  for  differ¬ 
ent  temperature  changes  an  interpretation  of  the  changes  in  ac¬ 
climation  temperature  of  the  bullhead  from  May  to  September,  lake 
Opeongo,  1941,  has  been  set  forth  in  an  analysis  of  a  natural 
phenomenon. 
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PARASITES  OF  FISH  OF  ALGONQUIN  PARK  LAKES 


II.  DISTRIBUTION  STUDIES1 
Abstract 

The  present  report  contains  results  of  a  study  of  distribution  of  fish  parasites 
of  Algonquin  Park  lakes.  A  large  proportion  of  the  fish  examined  for  parasites 
were  obtained  from  lakes  where  fish  had  not  been  examined  in  the  previous  report 
by  Bangham  (1941).  The  676  fish  reported  here  belong  to  22  species  and  510 
or  75.8  per  cent  carried  at  least  one  species  of  parasite.  Of  the  374  fish  belonging 
to  the  family  Cyprinidae  only  217  or  58  per  cent  were  infected.  Parasites  are 
listed  under  the  name  of  each  species  of  fish  according  to  their  frequency  of 
occurrence.  A  check-list  of  the  75  species  found  during  the  survey  is  included. 

In  1939  a  preliminary  survey  was  conducted  on  the  parasitism 
of  fish  from  lakes  in  the  vicinity  of  the  Ontario  Fisheries  Research 
Laboratory  located  on  Opeongo  lake.  During  the  latter  part  of 
August,  1940,  it  was  again  possible  to  visit  the  laboratory  and  183 
fish  were  examined.  These  fish  were  obtained  from  Opeongo, 
Costello,  Galeairy,  Sproule,  Amikeus,  Sunday,  and  Eucalia  lakes, 
all  of  which  are  in  the  Madawaska  river  drainage.  A  few  specimens 
were  examined  from  Smoke  lake  which  flows  into  the  Muskoka 
river.  Many  of  these  fish  were  obtained  by  workers  in  the  physi¬ 
ology  laboratory  and  were  studied  for  parasites  after  the  experi¬ 
ments  in  physiology  were  completed. 

In  July  and  August  of  1942,  493  fish  were  examined  for  parasites, 
chiefly  from  lakes  in  the  Petawawa  river  drainage.  Most  of  the  lakes 
visited  were  a  considerable  distance  from  the  laboratory.  Travel 
was  by  canoe  and  the  amount  of  equipment  carried  was  small  due 
to  several  portages  in  the  areas  visited.  Most  of  the  dissections  for 
internal  parasites  were  made  without  the  aid  of  a  dissecting  micro¬ 
scope.  After  the  viscera  were  opened  any  large  parasites  were 
picked  out  and  all  the  viscera  from  a  fish  were  shaken  vigorously 
in  a  container  with  an  approximately  0.7  per  cent  solution  of  sodium 
bicarbonate.  Then  the  viscera  were  removed,  the  solution  poured 

iThis  paper  is  a  joint  contribution  from  the  Ontario  Fisheries  Research 
Laboratory,  the  Department  of  Biology,  College  of  Wooster,  and  the  Department 
of  Zoology  and  Entomology,  Ohio  State  University. 
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off,  obvious  debris  discarded,  and  the  sediment  containing  any 
parasites  present  was  preserved  in  2.5  per  cent  formalin. 

Some  collections  of  gill  flukes  were  submitted  to  Dr.  J.  D. 
Mizelle  and  a  report  on  these  Gyrodactyloidea  has  been  published 
(Mizelle  and  Donahue,  1944).  They  report  eighteen  species  nine 
of  which  are  described  as  new. 

The  copepods  were  studied  by  Dr.  W.  M.  Tidd  and  one  new 
species  was  found. 

In  this  paper  the  data  for  both  1940  and  1942  are  included.  The 
676  fish  belong  to  22  species  and  510  or  75.8  per  cent  carried  at 
least  one  species  of  parasite.  In  the  1939  survey  (Bangham,  1941), 
84.3  per  cent  were  parasitized.  The  chief  reason  for  this  difference 
is  the  large  number  of  minnows  examined  in  1942.  Of  the  374  fish 
belonging  in  the  family  Cyprinidae,  only  217  or  58  per  cent  were 
infected  whereas  96.3  per  cent  of  the  remaining  fish  were  parasitized. 

The  assistance  of  Dr.  F.  E.  J.  Fry,  Dr.  F.  P.  Ide,  and  Professor 
W.  J.  K.  Harkness  in  making  arrangements  and  providing  facilities 
for  this  investigation  are  gratefully  acknowledged. 

Distribution  of  Parasites  in  Species  of  Fish 

The  species  of  fish  are  arranged  according  to  the  check-list  of 
Jordan,  Evermann,  and  Clark  (1930).  A  list  of  the  parasites  of 
each  fish  arranged  according  to  their  frequency  of  occurrence  is 
given  under  each  name.  The  number  following  the  name  of  the 
parasite  indicates  the  number  of  times  the  parasite  was  found. 
The  presence  of  an  asterisk  before  the  name  of  a  parasite  indicates 
a  larval  form  and  two  asterisks  indicate  that  the  parasite  is  an 
immature  adult  too  juvenile  for  positive  identification. 

1.  Lake  trout.  Cristivomer  namaycush  (Walbaum) 

(Examined  22:  infected  22) 


Proteocephalus  parallacticus .  21 

Eubothrium  salvelini .  20 

Crepidostomum  farionis .  2 

*  A  po  phallus  sp .  1 

Leptorhynchoides  thecatus .  1 


These  trout  were  from  Chickaree,  Merchants,  White  Trout, 
Blue,  Longer,  Happyisle,  Lavielle,  and  Redrock  lakes.  All  except 
the  single  specimen  from  Redrock  contained  numerous  specimens 
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of  P.  parallacticus  which  was  described  by  MacLulich  (1943  a)  from 
lake  and  speckled  trout  of  this  area.  All  the  lake  trout  except  two 
of  the  three  examined  from  Chickaree  carried  E.  salvelini.  In- 
tegumental  cysts,  Apophallus  sp.,  were  found  in  small  numbers  on 
one  trout  from  Happyisle  lake.  One  of  three  hosts  from  Chickaree 
and  one  of  the  two  lake  trout  from  Blue  carried  the  intestinal  fluke 
C.  farionis.  Thorny-headed  worms  were  restricted  to  a  single  host 
from  White  Trout  lake. 

2.  Speckled  trout.  Salvelinus  fontinalis  (Mitchill) 


(Examined  5;  infected  5) 

Eubothrium  salvelini .  4 

Proteocephalus  parallacticus .  1 

Leptorhynchoides  thecatus .  1 

Crepidostomum  farionis .  1 

Hepaticola  bakeri .  1 

*  Apophallus  sp .  1 

Contracaecum  brachyurum .  1 


Four  speckled  trout  were  secured  from  a  small  lake  off  the  upper 
bay  of  Happyisle  lake.  These  fish  measured  41  to  52.5  cm.  in 
length  and  all  had  light  infections  of  E.  salvelini.  One  fish  harboured 
an  adult  L.  thecatus.  All  the  other  parasites  listed  were  from  a 
single  host  from  Redrock  lake. 

The  parasites  of  lake  and  speckled  trout  were  similar.  Mac¬ 
Lulich  (1943  b)  examined  177  lake  trout  and  18  speckled  trout  and 
his  list  of  parasites  includes  several  species  found  by  us.  He  did 
not  report  H.  bakeri  and  C.  brachyurum.  A  comparison  of  the  lists 
above  with  those  of  Lyster  (1940)  for  the  same  species  of  fish  in 
Quebec  reveals  a  number  of  differences. 

3.  Lake  whitefish.  Coregonus  clupeaformis  (Mitchill) 

(Examined  17:  infected  16) 

Proteocephalus  laruei .  16 

Spinitectus  gracilis .  4 

Crepidostomum  cooperi .  4 

Eubothrium  salvelini .  3 

Leptorhynchoides  thecatus .  2 

Crepidostomum.  farionis .  1 
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Rhabdochona  sp .  1 

Ergasilus  caeruleus .  1 

*  Bothriocephalus  sp .  1 


Six  of  these  fish  were  from  Opeongo,  six  from  Longer,  and  five 
from  White  Trout.  P.  laruei  was  carried  by  all  infected  whitefish. 
All  other  parasites  listed  were  encountered  in  the  Opeongo  hosts 
except  for  the  copepods  and  cysts  of  Bothriocephalus  sp. 

4.  Menominee  whitefish.  Prosopium  quadr ilater ale  (Richardson) 
(Examined  8:  infected  8) 


Cre  pidostomum  farionis .  8 

Ergasilus  caeruleus .  1 

Spinitectus  gracilis .  1 


All  these  fish  were  from  Opeongo  lake. 

5.  American  eel.  Anguilla  ro strata  (Le Sueur) 


(Examined  1 :  infected  1) 

Bothriocephalus  claviceps .  1 

Azygia  longa .  1 

Contracaecum  brachyurum .  1 

IPaplonema  aditurn .  1 

Proteocephalus  macrocephalus .  1 


This  host,  103  cm.  in  length,  was  taken  from  a  trap  net  in 
Opeongo  lake. 

6.  Common  sucker.  Catastomus  commersonii  (Lacepede) 
(Examined  53:  infected  52) 


Glaridacris  laruei .  32 

Actinobdella  triannulata .  20 

Pomphorynchus  bulbocolli .  19 

T riganodistomum  attenuatum .  11 

Octospinifer  macilentus .  11 

Octomacrum  lanceatum .  3 

*Eustrongylides  sp .  3 

*Posthodiplostomum  minimum .  3 

Rhabdochona  sp .  3 


These  fish  were  taken  from  Happyisle,  White  Trout,  Longer, 
Sunday,  Eucalia,  and  Opeongo  lakes,  and  no  special  distribution  of 
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parasites  was  present.  As  many  as  100  P.  bulbocolli  were  found 
with  their  long,  spiny  proboscides  deeply  embedded  in  the  intestine. 
These  acanthocephala  and  the  leeches  which  attach  to  the  inside 
surface  of  the  operculum,  cause  considerable  damage  to  their  hosts. 
The  leeches,  first  reported  from  fish  by  Bangham  (1941  a),  cause 
damage  which  merits  special  study. 

The  caryophyllaeids  are  determined  as  Glaridacris  laruei  (La- 
mont,  1921).  This  species  has  been  described  in  detail  by  Hunter 
(1930) .  Lyster  (1940)  described  Glaridacris  intermedins  from  common 
suckers  taken  from  lake  Commandant,  Quebec.  He  compared  his 
new  species  with  G.  confusus  Hunter,  1929,  and  G.  laruei  and  wrote: 
“The  significance  of  these  similarities  and  differences  is  obscure  at 
this  time,  and  may  indicate  synonymities.  The  present  form  is 
apparently  closely  related  to  G.  confusus  and  G.  laruei,  but  cannot 
be  referred  to  either.  It  must,  therefore,  be  assigned  to  a  new 
species  which  has  been  designated  G.  intermedins  sp.  nov.” 

It  was  impossible  to  recognize  G.  intermedins  and  it  is  possible 
that  Lyster’s  suggestion  that  G.  laruei  and  G.  confusus  are  identical 
is  correct.  Bangham  (1941  a)  referred  specimens  from  the  common 
sucker  to  G.  confusus. 

7.  Northern  red-bellied  dace.  Chrosomus  eos  Cope 
(Examined  88:  infected  14) 


*Neascus .  b 

*Posthodiplostomum  minimum .  6 

Rhabdochona  cascadilla .  6 

*Agamonema .  1 

*Ligula  intestinalis .  1 


These  dace  were  from  lakes  Chickaree,  Longer,  and  White 
Trout. 

8.  Goldenshiner.  Notemigonus  crysoleucas  (Mitchill) 

(Examined  7 :  infected  0) 

No  parasites  were  found  in  any  of  these  fish  from  Smoke, 
Eucalia,  and  Longer  lakes. 

9.  Northern  dace.  Margariscus  margarita  nachtriebi  (Cox) 

(Examined  35:  infected  27) 

. .  ^7 
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Octomacrum  sp .  9 

Rhabdochona  cascadilla .  2 

** Crepidostomum  sp .  1 


Three  of  ten  dace  examined  from  Chickaree  carried  cysts  of 
Neascus.  The  other  parasites  listed  above  were  obtained  from 
twenty-five  dace  examined  in  1940  from  Costello  lake.  The  gill 
flukes  Octomacrum  sp.  appear  to  belong  to  an  undescribed  species 
and  have  been  submitted  to  Dr.  E.  W.  Price  for  study. 

10.  Fallfish.  Leucosomas  corporalis  (Mitchill) 

(Examined  67 :  infected  47) 


Rhabdochona  cascadilla .  32 

Allocreadium  lobatum .  24 

*P osthodiplostomum  minimum .  10 

Ergasilus  caeruleus .  4 

*  Neascus .  2 

*  Clin ostomum  marginatum .  2 

*Ligula  intestinalis .  2 


One  fallfish  was  obtained  from  Smoke  lake  in  1940.  Of  the 
remainder  six  were  from  White  Pine  creek,  and  sixty  were  from 
below  the  dam  where  water  flows  from  White  Trout  into  Longer 
lake. 

11.  Northern  Creek  Chub.  Semotilus  atromaculatus  atromaculatus 
(Mitchill) 

(Examined  64:  infected  51) 


Rhabdochona  cascadilla .  19 

*P  osthodiplostomum  minimum .  18 

*  Neascus .  13 

*  Clinostomum  marginatum .  9 

Allocreadium  lobatum .  8 

Neoechinorhynchus  sp .  5 

*Proteocephalus  ambloplitis .  3 

Octomacrum  sp .  2 

T riganodistomum  attenuatum .  1 

**Proteocephalus  sp .  1 


The  creek  chub  were  from  twelve  lakes:  Blue  2,  Redrock  11, 
Longer  7,  Happyisle  8,  Chickaree  9,  Eucalia  2,  Costello  4,  Opeongo 
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1,  White  Trout  8,  and  Merchants  3,  and  from  W'hite  Pine  creek  8 
and  Mud  creek  1. 

12.  Fine-scaled  dace.  Pfrille  neogaea  (Cope). 

(Examined  11:  infected  7) 


*Neascus .  6 

*Agamonema .  1 


All  these  fish  were  obtained  from  Amikeus  lake  in  1940. 

13.  Northern  common  shiner.  Notropis  cornutus  frontalis  (Agassiz) 
(Examined  20:  infected  15) 


Rhabdochona  cascadilla .  9 

Bunodera  sacculata .  7 

Alio creadium  lob aturn .  7 

*Posthodiplostomum  minimum .  6 

*Clinostomum  marginatum .  3 

**Bothriocephalus  sp .  2 

*Ligula  intestinalis .  2 

Ergasilus  caeruleus .  1 

*Neascus .  1 


The  fish  were  taken  as  follows:  one  from  Sunday,  four  from 
Eucalia,  two  from  Smoke,  eleven  from  W'hite  Trout,  and  two  from 
White  Pine  creek.  B.  sacculata  was  found  only  in  these  fish  from 
W'hite  Trout  lake.  R.  cascadilla  and  A.  lobatum  were  from  White 
Trout  and  W'hite  Pine  lakes. 

14.  Brassy  minnow.  Hybognathus  hankinsoni  Hubbs. 

(Examined  4:  infected  1) 

*Neascus .  1 

All  these  minnows  were  taken  in  1940  from  Amikeus  lake. 

15.  Blunt-nosed  minnow.  Hyborhynchus  notatus  (Rafinesque) 

(Examined  16:  infected  12) 


*Tetracotyle  sp .  9 

*Posthodiplostomum  minimum .  7 

Rhabdochona  cascadilla .  3 

*Ligula  intestinalis .  1 


The  fish  were  from  Smoke,  Happyisle,  and  W'hite  Trout  lakes. 
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16.  Fat-head  minnow.  Pimephales  promelas  Rafinesque. 
(Examined  60:  infected  46) 


*Posthodiplostomum  minimum .  .  .  45 

**Rhabdochona  sp .  4 

*Clinostomum  marginatum .  1 


All  of  forty-three  fat-head  minnows  from  Chickaree  lake  were 
infected  with  P.  minimum.  This  is  interesting  because  only  three 
of  ten  northern  dace  and  only  one  of  sixty  red-bellied  dace  from 
the  same  lake  had  this  parasite.  All  the  minnows  were  caught 
during  an  afternoon  in  a  trap  set  at  one  location. 

17.  Brown  bullhead.  Ameiurus  nebulosus  LeSueur 
(Examined  11:  infected  11) 


Corallobothrium  jimbriatum .  8 

Allocreadium  ictaluri .  2 

Alloglossidium  geminus .  2 

Pomphorhynchus  bulbocolli .  2 

*Proteocephalus  ambloplitis .  1 

Ergasilus  sp .  1 

Vietosoma  parvum .  1 


The  bullheads  were  from  Opeongo,  Happyisle,  and  Merchants 
lakes.  The  C.  jimbriatum  are  very  small  and  appear  different  from 
those  taken  from  places  farther  south,  but  a  comparison  of  speci¬ 
mens  from  Tennessee,  Ohio,  and  Canada  does  not  reveal  characters 
sufficiently  different  for  the  erection  of  a  new  species. 

With  the  exception  of  C.  jimbriatum  all  the  parasites  listed  were 
obtained  from  seven  bullheads  in  Opeongo  lake. 

18.  Ling  or  burbot.  Lota  maculosa  (LeSueur) 

(Examined  15:  infected  15) 


A  bothrium  crassum .  15 

Contracaecum  brachyurum .  6 

Leptorhynchoides  thecatus .  5 

Ergasilus  caeruleus .  5 

Haplonema  hammulatum .  5 

Hepaticola  bakeri .  5 

**Proteocephalus  sp .  2 

Ergasilus  osburni .  1 
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Ten  fish  were  taken  from  Opeongo  in  1940  and  single  specimens 
from  Sproule,  W/hite  Trout,  Longer,  Blue,  and  Chickaree  lakes  in 
1942.  Ergasilus  osburni  is  a  new  species  and  a  description  of  it  by 
Tidd  and  Bangham  will  appear  in  the  forthcoming  issue  of  the 
Transactions  of  the  American  Microscopical  Society. 

19.  Stickleback.  Eucalia  inconstans  (Kirtland) 

(Examined  7:  infected  0) 

The  sticklebacks  were  obtained  in  1940  from  a  small  lake, 
called  Eucalia  by  the  investigators  at  the  laboratory,  located  by 
the  park  highway  near  the  Opeongo  lake  road. 

20.  Yellow  perch.  Perea  flavescens  (Mitchill) 

(Examined  84:  infected  81) 


*Neascus .  47 

Proteocephalus  pearsei .  28 

Bunodera  sacculata .  20 

Crepidostomum  coo peri .  19 

*  Proteocephalus  ambloplitis .  16 

Spinitectus  gracilis .  8 

**Bothriocephalus  sp .  4 

*  Posthodiplostomum  minimum .  4 

Dichelyne  cotylophora .  3 

*Clinostomum  marginatum .  3 

Illinobdella  sp .  3 

*Ligula  intestinalis .  2 

*Leptorhynchoides  thecatus .  2 

*Agamonema .  1 

**Azygia  angusticauda .  1 


The  perch  were  from  White  Pine  creek  (2)  and  the  following 
lakes:  Blue  6,  Galeairy  3,  Happyisle  10,  Longer  4,  Merchants  7, 
Opeongo  25,  Redrock  3,  Shiner  3,  Sunday  1,  and  White  Trout  20. 
Those  from  Longer  and  Blue  lakes  and  from  White  Pine  creek 
carried  only  cysts  of  Neascus  and  P.  pearsei. 

21.  Small  mouth  black  bass,  Micropterus  dolomieu  Lac6pede 
(Examined  46:  Infected  46) 

*  Proteocephalus  ambloplitis .  43 
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Proteocephalus  fluviatilis .  16 

*  Uvulifer  ambloplitis .  14 

SpinitectUs  carolini .  12 

*Clinostomum  marginatum .  11 

Crepidostomum  cornutum . .  7 

Proteocephalus  ambloplitis .  6 

Leptorhynchoides  thecatus .  6 

Azygia  angusticauda .  3 

Rhabdochona  cascadilla .  2 

Rhipidocotyle  papillosum .  2 

Neoechinorhynchus  cylindratus .  1 

*Posthodiplostomum  minimum .  1 


The  bass  were  from  Galeairy  14,  Happyisle  27,  and  Opeongo  5. 
The  amazing  infections  of  Opeongo  bass  with  larval  P.  amblo¬ 
plitis  have  been  pointed  out  (Bangham,  1941  a).  The  biology  of 
this  parasite  in  this  area  deserves  special  study.  The  bass  from 
Galeairy  and  Happyisle  were  not  nearly  as  heavily  infected  as  the 
bass  from  Opeongo.  P.  fluviatilis,  reported  by  Bangham  (1941  a) 
for  the  first  time  from  bass  living  in  lakes,  was  found  in  all  three 
lakes. 

22.  Common  sunfish.  Lepomis  gibbosus  (Linnaeus) 

(Examined  35:  infected  35) 


*P osthodiplostomum  minimum .  13 

*Clinostomum  marginatum . 11 

*  Leptorhynchoides  thecatus .  9 

*  Uvulifer  ambloplitis .  9 

Crepidostomum  cornutum .  8 

*Hymenolepis  sp .  7 

Crepidostomum  cooperi .  5 

*  Proteocephalus  ambloplitis .  4 

** Proteocephalus  pearsei .  4 

Spinitectus  gracilis .  4 

Bothriocephalus  claviceps .  4 

** Azygia  angusticauda .  3 

Rhabdochona  sp .  3 

*Agamonema .  3 

Spinitectus  carolini .  2 

Leptorhynchoides  thecatus .  1 


Parasites  of  Fish  of  Algonquin  Park  Lakes 


43 


The  sunfish  were  from  seven  lakes  as  follows:  Galeairy  2, 
Happyisle  1,  Longer  5,  Merchants  5,  Opeongo  8,  Shiner  2,  and 
White  Trout  12. 

The  common  sunfish  from  Longer  carried  only  strigeid  cysts. 
Two  fish  from  Opeongo,  three  from  White  Trout,  and  one  from 
Shiner  lake  bore  cysts  which  contained  a  cestode  larva  with  in- 
vaginated  rostellar  hooks.  A  similar  form  was  recorded  and  figured 
by  Van  Cleave  and  Mueller  (1934).  They  found  a  single  larva  in 
the  digestive  tract  of  Micropterus  salmoides. 

A  related  or  identical  species  was  found  by  Bangham  (1941  b) 
encysted  in  the  long-nosed  killifish,  banded  topminnow,  golden 
topminnow,  flagfish,  and  mosquito-fish  of  southern  Florida. 

Check-List  of  Parasites 

The  parasites  are  arranged  in  their  systematic  order.  The 
list  includes  the  monogenetic  tremadodes  which  were  identified 
by  Mizelle  and  Donahue  (1944).  These  authors  described  nine 
new  species  and  made  many  comments  on  the  distribution  of 
gyrodactylids. 


Trematoda 

Cleidodiscus  banghami  (Mueller,  1936) 

Cleidodiscus  pricei  Mueller,  1936 
Cleidodiscus  sp. 

Actinocleidus  oculatus  (Mueller,  1934) 

Actinocleidus  incus  Mizelle  and  Donahue,  1944 
Actinocleidus  recurvatus  Mizelle  and  Donahue,  1944 
Actinocleidus  gibbosus  Mizelle  and  Donahue,  1944 
Actinocleidus  scapularis  Mizelle  and  Donahue,  1944 
Actinocleidus  sigmoideus  Mizelle  and  Donahue,  1944 
Urocleidus  adspectus  Mueller,  1936 
Urocleidus  dispar  (Mueller,  1936) 

Urocleidus  ferox  (Mueller,  1934) 

Urocleidus  procax  Mizelle  and  Donahue,  1944 
Dactylogyrus  banghami  Mizelle  and  Donahue,  1944 
Dactylogyrus  bulbus  Mueller,  1938 
Dactylogyrus  bullosus  Mizelle  and  Donahue,  1944 
Dactylogyrus  cornutus  Mueller,  1938 
Dactylogyrus  perlus  Mueller,  1938 
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Dactylogyrus  pollex  Mizelle  and  Donahue,  1944 
Octomacrum  lanceatum  Mueller,  1934 
Octomacrum  sp. 

Rhipidocotyle  papillosum  (Woodhead,  1929) 

Vietosoma  parvum  Van  Cleave  and  Mueller,  1932 
Allocreadium  ictaluri  Pearse,  1924 
Allocreadium  lobatum  Wallin,  1909 
Crepidostomum  cornutum  (Osborn,  1903) 

Crepidostomum  cooperi  Hopkins,  1931 
Crepidostomum  farionis  (O.  F.  Muller,  1784) 

Crepidostomum  sp. 

Bunodera  sacculata  Van  Cleave  and  Mueller,  1932 
Triganodistomum  attenuatum  Mueller  and  Van  Cleave,  1932 
Alloglossidium  geminus  (Mueller,  1930) 

Apophallus  sp. 

Clinostomum  marginatum  (Rudolphi,  1819) 

Tetracotyle  sp. 

Posthodiplostomum  minimum  (MacCallum,  1921) 

Neascus  Hughes,  1927 

Uvulifer  ambloplitis  (Hughes,  1927) 

Azygia  longa  (Leidy,  1851) 

Azygia  angusticauda  (Stafford,  1904) 

Cestoda 

Glaridacris  laruei  (Lamont,  1921) 

Ligula  intestinalis  (Linnaeus,  1758) 

Bothriocephalus  claviceps  (Goeze,  1782) 

Bothriocephalus  sp. 

Abothrium  crassum  (Bloch,  1779) 

Eubothrium  salvelini  (Schrank,  1781) 

Proteocephalus  embloplitis  (Leidy,  1887) 

Proteocephalus  Jbuviatilis  Bangham,  1925 
Proteocephalus  laruei  Faust,  1919 
Proteocephalus  macrocephalus  (Creplin,  1825) 

Proteocephalus  parallacticus  MacLulich,  1943 
Proteocephalus  pearsei  La  Rue,  1919 
Proteocephalus  sp. 

Corallobothrium  fimbriatum  Essex,  1927 
Hymenolepsis  sp. 
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Nematoda 

Agamonema  Diesing,  1851 

Hepaticola  bakeri  Mueller  and  Van  Cleave,  1932 
Contracaecum  brachyurum  (Ward  and  Magath,  1917) 
Eustrongylides  sp. 

Spinitectus  carolini  Holl,  1928 
Spinitectus  gracilis  Ward  and  Magath,  1917 
Rhabdochona  cascadilla  Wigdor,  1918 
Rhabdochona  sp. 

Dichelyne  cotylophora  (Ward  and  Magath,  1917) 
Haplonema  aditum  Mueller,  1934 
Haplonema  hamulatum  Moulton,  1931 

Acanthocephala 

Neoechinorhynchus  cylindratus  (Van  Cleave,  1913) 
Neoechinorhynchus  sp. 

Octospinifer  macilentus  Van  Cleave,  1919 
Leptorhynchoides  thecatus  (Linton,  1891) 
Pomphorhynchus  bulbocolli  Linkins,  in  Van  Cleave  1919 

Copepoda 

Ergasilus  caeruleus  Wilson,  1919 

Ergasilus  osburni  Tidd  and  Bangham  (manuscript) 

Hirudinea 

Actinobdella  triannulata  Moore,  1905 
Illinobdella  sp. 
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